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Sh if t rea ge nt s have w i d e l y  been used in NMR s p e c t r o s c o p y  , p a r t i c u l a r l y  in
the d e t e r m i n a t i o n  of m o l e c u l a r  geo metr y. S o f a r  little a tte nti on has been given  to
its use in the stu dy of m o b i l e  c o n f o r m a t i o n a l  equ ili bri a. The use of shift  rea-
gents in such mo bi l e  sys tem s can give rise to NMR s p e ctr a w h i c h  are d i f f i c u l t  to
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i n t e r p r e t  . Soma aut hors ' r e c o g n i z e d  the p o s s i b i l i t y  that c o m p l e x a t i o n  with 
shi ft r e a g e n t s  can cha nge  the c o n f o r m a t i o n a l  pre fe ren ce,  ot he rs  '• n s g l e c t e d  such 
eff ects. In one inst an ce , viz. of the c c n f o r m a t i c n a l  e q u i l i b r i u m  of cy cli c phos- 
ph ona te s, the p e r t u r b a t i o n  cau se d by ad ded  shi ft r eag ent s has bee n t r e at ed  qua n- 
t i t at iv ely . The su m  of the p e r c e n t a g e s  of un co m p l e x e d  and c o m p l e x e d  conf orm ers
8
;is of coup ling c o n s t a n t s .
In thi s p a p e r  we wis h to p r e s e n t  an ana
Ia : X = Cl
lysis of the c o n f o r m e r  popu lations of
Ib : X = N 0 2
3 , 3’-d i s u b s t i t u t e d  di p h e n y l s ulfi nes  (I)
Ic : X = 0 C H 3
in the com ple xBd  sta ts by mea ns of che-
ld X
■ C H 3 mic al shift d i f f e r e n c e s  and to com par s
these c o n f o r m e r  p o p u l a t i o n s w it h those
In addi tion, th e solvs nt d e p e n d e n c y  on the c o n fo rm ati o-
i la xed st ate  is being comp ar ed w ith  tha t in ths uncom-
p le x e d  state.
g
The s y s t e m  of 3 , 3 1- d i s u b s t i t u t e d  d i p h e n y l s u l f i n e s  can be d e s c r i b e d  as an e-
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q u i l i b r i u m  b e tw ee n the two r o t a m e r s  P and Q, whi ch d i f f e r  in the re l a t i v e  orien-
ta ti on of the group di po le m o m e n t s  of the su bs t i t u e n t  X and the CSO group (p^gg =
3.62 0, d i r e c t e d  t o w ar ds the s u l f i n e  oxyg en wit h an angla of 25 with the carbon
11
s ulf u r  bond ) . The p r o p o r t i o n s  of 
these r ota mer s in d i f f e r e n t  me di a 
g
have been ob t a i n B d  by an ev a l u a t i o n  
of the d i f f e r e n c e  in a n i s o t r o p i c  de- 
s h i e l d i n g  ef fec t of the CSO s y s t e m  
on the p r o t o n s  H^ and Hg. rt was 
fo und that the r o t a t i o n a l  e q u i l i b r i ­
um st r o n g l y  depen ds on the p o l a r i t y  
of the sol ven t in the se nse  that the
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p o p u l a t i o n  of the m or e p o l a r  r o t a m e r  (P fo r  X = Cl or NC^ and 0 f o r  X = OCH g or 
CH,) inc re a s e s  with i n c r e a s i n g  s o l ven t polarity.
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The shift reagent, E ut d p m ) ^ '  c omplexBS with s u lfines at the s u lf xne  oxygen 
C o n s e q u e n t l y  the LI sh if ts  f o r  the ortho pro ton s of the A-r i n g  wi ll be much 
l ar g e r  than fo r  those of the B-ring. Furt he rmo re,  c o m p l e x a t i o n  of Eu t d p m ) ^  with 
r o t a m e r  P wil l sho w a m uc h l a r g e r  d o w n f i e l d  shift f o r  pr ot o n  , w h i c h  is situa- 
ted close st to the CSO system, than f o r  proton Hg. The r e v ers e wil l be true for  
the co mp l e x e d  r o t a m e r  Q.
The p r o p o r t i o n s  of the rot a m e r s  P and Q in the c o m p l e x e d  sta te can be o b ­
ta i n e d  as follows. Whe n s equiv. of shift r e a ge nt are added, we as sum e that fo r  a 
1 : 1 c o m p l e x a t i o n  a fr a c t i o n  2 of the total  amount of s u lf ine  is in the c om ple xed  
state. This f r a c t i o n  z co n s i s t s  of a p r o p o r t i o n  a of r o t a m e r  P and a p r o p o r t i o n  b 
of r o t a m e r  Q. The LI sh ifts  of p r o to ns H 1 and Hg and Ag) are e x p r e s s e d  by the
e q u a t i o n s 1 3 (1 ) and (2 ) in wh i c h  { ^free ■'■s 6 -value of p r o t o n  H 1 in the
s p e c t r u m  w i t h o u t  Eu t d p m ) ^  and p ™ ax is the LI shift of H^ upon ad d i t i o n  of one e- 
quiv. of E u C d p m ) ^  f or  a = 1 . s ^ 5 ^free' ^i*3* ’ P g 3 * anc* Q g 8 * are d e f i n e d  ana- 
l o g o u s l y .
(1) A 1 ■ « " V e x p  - 6 C H 1 5free = 3 taPT  +
* 5  ■ 6 CH5 ]exp - « “V f r a e  ■ 3 U P - X * < a x )
By m a k i n g  the a s s u m p t i o n s  tha t p ™ ax = Q ™ ax and p ™ ax = Q ™ a x , whi ch m e a n s  that the 
ef fect  of the po s i t i o n  of the s u b s t i t u e n t  X on ths c o o r d i n a t i o n  of Eu(dprn).- with 
the CSO gr.oup is bein g neg lec t e d ,  the ex p r e s s i o n  P^/CP ^ + Qg) b e c o m e s  a m e a s u r e  
f o r  the p r o p o r t i o n  a (eq ua ti on 3).
P, A, - zbQ.
( 3 )  !----- = ---------- I------------------------- = a
d j. n a t  A pm 3 X
1 5 1 ~ 5 " 5
P^ sta nds  fo r  the LI sh ift  of pro to n H^ in the c o n f o r m e r  P upon ad d i t i o n  of z e- 
quiv. of E u ( d p m ) 3 . Qg r e p r e s e n t s  the LI shift  of pr ot o n  Hg in c o n f o r m e r  Q fo r  a 
given amo unt  of shi ft rea gen t. H ow ev er,  the p a r a m e t e r s  to c a l c u l a t e  a f r o m  e q u a ­
tion [3) are e x p e r i m e n t a l l y  o nly  pa rt l y  available. The e x p r e s s i o n  (4) also equals
to a p r o v i d e d  tha t tha a s s u m p t i o n s  p ™ ax = Q ™ ax and p ™ ax = Q ^ ax are inco rp ora ted .
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A _ g g ma x In good a p p r o x i m a t i o n  f o r  the qua nti -
(4) —-------- -------------  = a ty 2 Q T aX may be ta ken  the shift  dif fer -
A + A _ o plT19X l
1 5 8 1 ence f o r  the o r t h o  p r o t o n s  Hg and or
H ^ q of ring B r e s u l t i n g  f r o m  c o m p l e x a t i o n  of tha s u l f i n e  w ith  z equiv. of
Eu[dpm) _. By mea ns of e q u a t i o n  (4) the pr o p o r t i o n  of r o t a m e r  P in the co mp l e x e d  
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st at e can be o b t a i n e d  f r o m  the obs e r v e d  LI shifts. The f i g u r e  shows these 
shi fts  as they wer e fo un d f o r  s u l fi ne  Ib in CDCl^. The r e s ul ts  thus o b t a i n e d  for  
the f o u r  su l f i n e s  in d i f f e r e n t  so l v e n t s  are listed in the Tab la,  whic h also in-
g
cludes the r o t a m e r  p o p u l a t i o n s  in the u n c o m p l e x e d  sta te .
Ho. 52 5197
E u f d p m ^ /s u b s t r a te
The data in ths Tabl a re-
veal that in the thrBs diffarBnt
s o lven ts s t u d i e d  the pr o p o r t i o n
of c o n f o r m e r  P in t h B  compl exe d
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state is much s m a l l s r  than in 
the u n c o m p l e x e d  state. Th us , as 
well  fo r  s u l f i n a s  Ia and Ib for 
wh ich r o t a m e r  P is the more po- 
lar one, as fo r  sul f i n a s  Ic and 
ld fo r  w h i c h  r o t a m e r  Q is the 
mo re p o l a r  one, c o m p l e x a t i o n  
w it h E ü C d p m l g  leads to a la rge r 
p r e f e r e n c B  f o r  r o t a m B r  0. This 
Bffect cannot be due to changss 
in p o l a r i t y  of the m e d i u m  caused 
by the p r e s e n c e  of the shift re- 
agent b e c a u s e  the b e h a v i o u r  of 
the sul f i n e s  Ia and Ib towa rd s 
chang es in m e d i u m  p o l a r i t y  is 
opp o s i t e  to that of the sul fin as 
Ic and ld (vide s u p r a ) . A likely 
e x p l a n a t i o n  f o r  the  ef fec t of 
E u C d p m ) ^  on the c o n f o r m a t i o n a l
T A B L E
C o m p d . Ia Ib Ic ld
Sol vent
A 1 A 5 A 6 , 1 0 A 1 A 5 A 6 ,1 0 A 1 A 5 A 6 ,1 0 A 1 A 5 A 6 ,1 0
c c i 4 5.57 9.35 2.70 9.40 6.8 0 2.90 7. 81 8.79 3.00
C 0 C 1 3 3.47 5.72 1 .60 2.14 5. 05 1 . 40 5.16 6.03 1 .90
C H 2 C 1 2 2.80 4.30 1.25 1 . 2 1 2.55 0.70 3.46 3.17 -1 .-1 5.. 3.80 4.77 1 .45
% P
c * P u % P c % P u % Pc % P u % P c % P u
C C 1 4 29 45 63 1 0 0 45 72
C D C 1 3 31 19 16 43.5
C H 2 C 1 2 34 7 0 a 2 2 4 0 a 54 41
CH 3 C 0 C H 3 1 0 0 80 83 56
% P c = p e r c e n t a g e  of c o n f o r m e r  P in the com p l e x e d  state; % P u = p e r c e n t a g e  of c o n ­
f o r m e r  P in the u n c o m p l e x e d  state. A- v a l u e s  in ppm  o b t a i n e d  upon a d di tio n of 0.B 
equiv. of EuCdp m)^ . S p B c t r a  r e c o r d a d  at 60 Mhz. Conc. 20 m g / O . 5 ml. a: sea nota 16.
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e q u i l i b r i u m  is that s t e r i c  i n t e r a c t i c n s  bet wBe n the m e t a  s u b s t i t u e n t  X and the 
c o o r d i n a t e d  shift  r e a g e n t  res ul t in a l a r g s r  p r o p o r t i o n  of r o t a m e r  Q in which  
such i n t s r a c t i o n s  are mi n i m i z e d .  Ths dat a in the Ta ble  s ho w f u r t h e r  that in the 
c o m p l e x s d  s u l f i n e s  the p r o p o r t i o n  of ths m o r e  p o l a r  c o n f o r m e r  (P f o r  Ia and Ib,
0 fo r  Ic and ld) b e c o m e s  l a r g e r  in a s o l ven t of a h i g h e r  d i e l s c t r i c  constant. 
Thus, in the c o m p l e x s d  as well as in the u n c o m p l e x e d  state the o o n f o r m a t i o n a l  
e q u i l i b r i u m  shi fts  to the m o r e  p o l a r  r o t a m e r  with i n o r e a s i n g  s o l v e n t  polar ity . 
Fo r  the s ul fin es Ic and ld the d i f f e r e n c s  in sol ven t sf fe o t  on the c o n f o r m e r  
p o p u l a t i o n  in the c o m p l e x e d  and u n c o m p l e x e d  sta te is small. How ev er , in the un- 
c o m p l e x e d  s u l f i n e s  Ia and Ib thB ef fect  of sol ven t p o l a r i t y  on the c o n f o r m a t i o -  
nal s q u i l i b r i u m  is large whi ls in the c o m p l s x e d  state this ef f e c t  has becom e 
m uc h smaller. A p p a r e n t l y ,  in the la t t e r  s u lfin es the steri c e f f ect s cau sed  by 
c o m p l e x a t i o n  wit h the shi ft r e a gs nt are d o m i n a t i n g  o v b t  the solv en t e f f e c t’.
In c o n c l u s i o n  thi s stud y shows that mob i l e  c o n f o r m a t i o n a l  equilibri'a can 
c o n s i d e r a b l y  be p e r t u r b e d  by c o m p l e x a t i o n  with l a n t h a n i d e s  and that ut mos t care 
sh o u l d  be tak en in s t u d y i n g  such e q u i l i b r i a  with the use of shift reagents.
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